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Lytic Enzymes Active on Clostridium Species

V. Properties of Phage HM2-Induced Lytic Enzyme
of Clostridium saccharoperbutylacetonicum
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i =

MEMias Y RERE, RV VY F-22R3LY,
WY BRE K CESHEGCHIEROBER, S5
NYFNF Ty —VERZEBMENTNS. Thbd
ORI, WEOMEEEEORBPPLSaF52
OEBICHAS TS, FRARORKIHLACM
Hick 2REOBREBEHE LToFAK TS hTY
3. LNOOBRDOIBT, 7r—VHKOBRER,
Tr—VRBRICE - THRESNIRFRITBRELT
EEHEN, HLOEOBROFENSEA OO, B40
77— V—BERTOMRMBTLDLOOTNE (KH,
1977; Tsugita, 1971).

TebyeT &) —nitkiEd s Clostridium sac-
charoperbutylacetonicum |3, FEHEEPHEMIRORIL S 3
BEo7r,—yY (HM2, HM3I HM7) itk b B %
=175 (Hongo and Murata, 1965; Ogata et al.,
1969). skir, HM7 7y — Y DR HBER L N-ace-
tylmuramyl L-alanine amidase (Hongo et al.,
1974; Ogata et al., 1974) THy, HM3 7 ,-o
OEEBEE X N-acetylmuramidase (HE 5, 1975)
THrcLEHyELY, 1EBRRELTS, 77

*HEAERrTRAEER
*ORATERFRAEYTEH

59

—VOBBOBNICL - T, ENOOREBRROMR
W15 0HEBd 3. Escherichia coli ©%, T BER .
D7y —VH N-acetylmuramidase (Tsugita and
Inoue, 1968), 2 7 » — U endopeptidase (Tay-
lor, 1971), T7 7 y—# N-acetylmuramyl L-
alanine amidase (Inoue et al., 1973) 24T 2 C
ExmohTnd., Rfcid, B3 1 Eo HM2 7
F—VHBRRPLKBEEROEER,P S, HM2 7 5
—~VOBEBRENERUL, TOBERI 5 A
PEEREHOMicT 2L LK, BBEFEO MR
PRTFFIY A eI BIERRERNT LR K
DWTHET 3.

Pkt KUk
1. EREHKET -

x ic, Clostridium saccharoperbutylacetonicum
N 1-4 # (ATCC 13564, LI T N1-4 Bk & 88 &
HM2 7 y—-Y (ATCC 13564-B,) (Hongo and
Murata, 1965; Ogata et al., 1969) * i L 7-.
% @ fli, N1-504#% (ATCC 27022) (Hongo and
Murata, 1965) % Clostridium BiE 3 & (C. ace-
tobutylicum, C. kaneboi, C. sporogenes IFO 12636)
AL

2. % H



60 EHER - AREE - RBBE - ROLTH

/L etk ok &l Tidlmo TYA %
Hiviz, TYA BEhifipk: S va—x40g, /N2 b b
)7+ (Difco #18) 6g, BRT+zx (KEXE
{bSsts) 2g, Kefg7 vE=v 4 3g, KH,PO, 0.5
g, MgSO,«7H,0 0.3g, FeSO,-7H,0 10mg %k
A1 gL, pH 6.5 dBBIL /-

3. Tr-UREBRORHS

NI-4 B%EZHIFR 0D 0.1 25 0.3 g3 k5K
TYA b, 30°C cifF#EL, Thic HM2 7 >
— V% moi 5§ TRREEHE, &5ic 4~6 BpfgiEaL
fo. BOoNRBEROBE KB YIE ELHHE (9,000
xg, 10min) THEL .

4. Tr—UBEBERORER

7= VHRBERICHBT vE=Y 4 % 60 % fafnic
BAESKMA, 2°C 1T 20 BB L, AR L 7otk
Bt LS 8 (10,000 g, 10min) gk bgEdb .
AL ED 0.067M 1y vERiEEHR (pH 5.5) k
ERL, BBLOEE (55,000xg) TR O>TRAT
37y —VHRFERELE. LE% S0EED REE
¥ (pH 5.5) il T, 2°C TUKBET L B
SN BRE e RBER CTFE({L L/ DEAE-+vn
—xXzav 57— (EBEIEAE, #5469
4% 3.0x60cm) jzHt L, NaCl Eg % BEsl ic
0.5M gTLASE TRERBARHL S /. BEE
RoBHESE 0.067M ) EREHRK (pH 5.5 T
BT Lk, andd Ny s CRELT ERIKMHE
B43%ET 2°C iKigfEL .

5 S@E/E

Fy YV T—-T k54 pH §GH 3~10 237RE
& LT, 110ml-LKB B&KkE» 5 » (LKB #iDH
ALK BREGE, BRENERNTHES AN
DEEA 4°C KRB, 400V 5 900V OF
FEART 48 65T 27, KBk, Trh54 0%
2ml $FOREL, £HSD pH % pH # —%— (2
4 7M-5, HIL - JIgHE) TREL -

6. KA U RERG S BLEE OIS

N -4 grp &= ) v MHEE & M Bk A A S
BROBRBHENA RTALDICROE I ICHTHE L
1z,

N -4 BROMBEBEBOBKEEEL, SEFL
Y rh&GAT 0.06TM J L EREEH (pH 6.5) IT&
BL, SETOLMKEL 2. CoOMNE EikEkE
L7 0.067M ) vEiEEHE (pH 6.5) TELSER L
Thrzy »2BRE, RAUBERCBE L. fue
) v, W&o BOREE WAL DI fTiE

1z, BRAPBEARREREREZ DT IRV B—Err=
yUymE L do%k 100°C T2 4 avns L TiEn
L7

7. HEfaEREOIRE

N 1-4 #RDOMADEE (I ATHIcHE U CTHEBIL 72 (Ogata
et al., 1974). N 1-4 proxi#igmy (0.D.: 0.30)
O Btk B (9,000xg, Smin) iz XOTH
BL, KBLEZEEKCEEB LT SHREEE
(=74 200M, ZAFEMEEED Z0HS 140 97 ~
(WATT) <, 15 3HENES TTHIKZRHEL /-
C ORI O EEE £ B0 8 (1, 000X g,
30min, T 12,000xg, 30min) ik->T HE
L, b, ZhE 1B FFvLVEBR > M) oA
(SDS) oXKIEHKICEEL, 37°C TISKE, REL
TRIS& /. SDS Mrfiikaee 38k T 5~7 3%
DR, Ch % 0.06TM oy BEEE (pH
7.0) wHE L, 37°C T4+ Y 7>~ (Sigma
B E L RUSKTH W AIRERE B0
(12,000 g 30min) jck>THED, BUOKEKT3
~ 5 EIRLEE L, BRUKDOBOEHKELETICE
R 7.

i 3D Clostridium Biigs & N1-504 ko gifaes
OFB S Ni-4 PR U TR o7,

8 RIFFNIUAVERYY v HIAL FESOH
]

ML EDRFF KTy I ERY Yy h S K
H43id Perkins (1965) @k o7 3 Filjdticl
THERRL. MlagEztraTIFCBE L,
150°C, 15 ARAmaL 7= BH®B, 2ERoR-x 4
/= QNEB-xz2/, - 1:9vN) A, &
LS3EE (12,000xg 30min) LT, REAMEELSET
BHES SCHE L. RERESZPSORTF K2
VAV BLEEE R UOBR-T 2/ —VTHELESE
L, &5k 2/—N, TFrx—FNDlEICEES
B, TFAZ—FLOEBECRELTHESILE ®
MBS >ORY ¥ o 4 54 FESHGEL LI 4
EROTE M EME, RYVS o H54F 2B S
o, Teby-x22/,—n (1 1vN) T3~5EE
LIFEBOBE LB EDBORFKICERL,
BRERLCAR L. o @R cky, s
L,000mg MmERFFFIYH Y 500mg E8Y 5y
#54F 125mg xSk

9. BEOCAF

ROEBEPHER, MREL7F FS Y4 Yok
BRO BER( R ERE (=70 TA, BERiE#



sazx b gvs -HM2 7 » ~SOBBEBRE 61

B, Ridsa4 7 101, BBfEFRED © 660nm B
BX¢E (0.D.) THEELK.

10. BXREHOUE

EHBREL MR OBE OB D, HRE L.
2mg OfKIEEE 0.45ml @ 0.05M Fe &R 48 7 %
(pH 5.0) B L, Thic 0.05ml OBEREZINZ
TRIGHRZFEM L. Kisid, 30°C TfFigw, 104
MECEED BO%E WE L:. BEBRO BREHE
(Units) {3, 159f0&720 D 0.D.g OFDH0.001
O £h% lunit & EF ¥, K0S EHLE.
units=40.D.g, x 1, 000/min. HiEHEIL, % v/ H
Img &b OBREHTHELK. BB, &/%7
HERid Lowry (1951) ogkict s CCTER L.

1. 7I/78gL7I/780RE, =R

WRaEE, RFFEISVHBIERYV o HFAF
BRAOT I/ BET I/ BRT L REBSS (£
Fu JLC-5, RABFAE) ZBUVCHE EEL
7o, ZBEEO 2mg ic 4N EE 100 i TH
HL, 105°C, 12BMEMAKAREL o BRINKSEYZ
H#tY) v & NaOH o FE T TRERZE L, BEI
K&K Img/ml iK#23k5iic 0.2M o/ VB
BEk (pH 2.2) 2inA, chi7 3/ RESIMS
ZHCTEE, E&UE.

12. DRERDOICESHT

SRERY OBEEITTEIZ Tsugita and Inoue
(1968) p+ o FLAkFERF F ¥ v 4 (NaBH,) &t
BRSO TRE, EBUK. 10mg OSEAERYIC
0.6ml o 0.1 M NaBH, KkA¥%#%inz, =Hic 36
FkEL, MRERDOBEHERTELET v — T
BLEL7. zhic 0.3ml p@E#EEAnz, 105°C, 6
BRI R U 7o Bk 53 i8¥% P,Os & NaOH o
BEETFTCREZEL:E Sml 0x &/ ~hRZ,
BTRICERELLFRYBER 9B FAVRELRET
TERME L. NaBH, klo>TRILINI-MRE
RO T I/ 8ET I/ BET I RABSTS
ZHVTHE, EBLK.

SRERYh DO N-K§R7 3/ B3, Ghuysen et al.
(1966) @EHEICEDTRIE LK. 2004 1%ty
B> b)Y LAREBIBRLIH 0.5mg OSRAERYIC,
0.1pv=turrta~xry¥r (DNFB) x4
J — VIR 40 4l 20Z, 60°C T304 DNP 4L
L. Kits, BFE o DNFB 2z —FATHIH LT
BREL, Kiliic 1204 o BEREZ MATIHEL,
105°C = 8 Bfim# LT DNP L U 7<% k38 L
1. kSESE O DNP-7 3/ Bk —F VicH

HL, 2hE7ah)Fovr—2—2R0TRELE
L7. DNP-7 I/ BOREIKB ARy P74 VA
(CERERRALED 2R

%72, &EiAid Somogyi-Nelson o J5#: (So-
mogyi, 1952) iz, 7 3, #id Yemm and Cocking
(1955) OBFEBIKFES>TERL .

13. 7I3ZVEAHREMEORE, &R

SBERYTOT 5 = v FEREARORE LEEE
24 (Ogata ef al., 1975) & Hasegawa and Ma-
tsubara (1975) OFHRKELT, HRI/u<br 5
7 4 —THE, E&L7.

TSZy® N-TFA-I-XVFLTRATFME : R
ERy (75=v% 0.5~1.0mg &%) ic -2~ b
— 250 mg AinZ, 110°C CEIRIEEY X 20K XA
Ao, 1M AFVIRFVEL. BEO -2
V=% H0C THRERIRAEREASDDOR
#EpE Lk, 8Ky 704 ok (TFAA) 0.5
ml 2z, BRETS B LOSRIGS ¥/, N-
TFA-I-» v Frx 25 v LR GH, BE © TFAA
ARBRTHBRERVAEZREAATERBREL, &K
dhk73=rv0o N-TFA-l-x v5FrzrFN K
0.5ml o7+ Fr&NA 4°C TRIEEL 2.

HALAR NI S D4—: Hirsaeb /57 4—
(&7 163, BMBEHBD K&k23T75=v0D N-
TFA-x v F vz 250D sk 1 Adipate %5
%a—FLieRYZFLYIYa—n (80~100 x v
va2) Z#HEZ Imm, X 4m ORXFUURAT A
KHRTALLLOEFEA L. B3, KELS L
vibktisERY, &7 2BE%E 170°C ofERicl
T, F¢ VT —HFRICEEREZH .

14. VoER
Chen er al. (1956) O LIS TERL K.
E I SR

1. HM2 77— REREO S BEE

HM2 7> - VERBROEROE#RME, 77
— VR D BEE O B (0.D.g) & RS EE
(moi) kOW\WTHE LR, BEBRoLRRR,
BEBE®D O.D.ggp 25 0.30~0.35 i, moi 3~5 <
77— VERBRPEIETBB{BEKRTHE L. COE#H
&EETTo HM2 77—V BEBFOEHh~0&
BRERAFig LIk L. RARED CEIEORE
BEkl, SHEEBE SBRACERELE. 77—V
AHEBROERER I, Bk | BHEELSRE S
h, 20k, ToRIEEIHEML, BEOKEES
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Time after phage infection (hr)

Fig. 1. Time course of production of
phage HM 2-induced lytic enzyme. The
host cells (ODg,: 0. 30) in the logarithmic
phase were infected with phage HM 2 at
moi of 5, and the cultivation was continu-
ed at 30°C. The infected culture was
withdrawn at the various ages, and was
immediately centrifuged at 55,000xg for
60 min to remove whole cells, cell debris
and phage particles. The supernatant was
assayed for the lytic enzyme activity as
described in Materials and Methods. O:
normal growth, @: phage HM2 infected
growth, A: phage HM 2-induced lytic
enzyme.
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Fig. 2. DEAE-cellulose column chromato-
graphy of phage HM 2-induced lytic en-
zyme. The enzyme solution obtained by
salting-out of the supernatant of the
lysate was applied to a column (1.5x17
cm) equilibrated with 0.067 M phosphate
buffer at pH 5.0, and eluted by a linear
of NaCl concentration in the same buffer.
@ : lytic enzyme activity, O: ODgg, --~:
NacCl.

NaCl (M)

e MR B RME (6. 5units) &RL 2. _

HM2 7 > -V OWBEREE 7 7 — CHHEED D,
Wi, ROTDEAE-Y A —245 46502}
'3 7 4 =% T T & 100 53 T 8RS L
Po. B4 —vARTFig. 20k S5ic, ARERR
iINaCl @ 0.20~0.25M THEH S hiz. COBRE
HESICIERT > — YR Blishizpok.

2. HM2 D7 - AHBREOERERY

Fig. 31t R3&5ic, HM2 7 » — Y ORERER
ZOBEIHEO RV ) VEEEPROEREEESL
BEEY, SIREBELERSF VS I VEBRTAER
BWAERLU, TRBELTHAER (B e
S, 2 BETEELOR

Decline in. 0Dgg, (%)

Lo 1
0 2 4 6

Time (hr)

100

Fig. 3. Action of phage HM 2-induced
lytic enzyme toward whole cells and cell
wall of Clostridium saccharoperbutylacetoni-
cum. Various substrates (initial ODgg,:
0.60) and lytic enzyme (4. 5 units /ml) were
incubated in 0.067 M phosphate buffer
(pH 5.0) at 30°C. O: cell wall, @: peptido-
glycan, A : heated cells, A: formalin-
treated cells.

IhooffRich il Ui Clostridium g
MEOLREEP RV~ Y VEEKE B BEE T 5
HM7 7  —2 (Hongo et al., 1974),HM3 7 5 —
VHEERS, 1975) PRELTr-V-suRbvy
O(Ogata and Hongo, 1979; —#RkRE) ORER
REF TOREREUMNSLARZZLERLTH
5.
EXEmBaEE DS o N 1-504 £, C. acetobutyli-
cum, C. kaneboi, C. sporogenes DRiBEICc}d 3
HM2 7y — VIEEBRROBBIERZB L. Fig. 4
KRT LD, ABRIL ToBEREE N1-504 Ko
IR DE % 0 BLILERD &S ¥ 201 LT, @
URISRET T, C. sporogenes, C. kaneboi o i



7axtyYson -HM2 7, —JOBERR 63
BOBELTHhENGT %, S4%RLEE. f1h,

C. acetobutylicum DiEfaEEE 2 MRS, Tt ol Jes
# L7z h b Clostridinm BEEOEEKPH V< _§
) RBEEEKRIC L T &K BEEREZ REELO Ei 20 2.0 g
fz. ToXBic, HM2 7 » —VRBBRRBVEER 88 ol 1.3
BREEELL. s 5
§ 60 - 1 1.0 2
3 3
z g
8 <405 3

100 ——’%—‘-Jlﬂe 1],

Decline in 00550 (%)

1T W VRN W U B
30 60 90
Time (min)

Fig. 4. Action of phage HM 2-induced
lytic enzyme toward cell walls of various
“Clostridium  species. Various cell walls
(initial ODg,: 0.45) and lytic enzyme (4.5
units/ml) were incubated in 0.067 M
phosphate buffer (pH 5.0) at 30°C. @:

C. saccharoperbutylacetonicum N1-4 and NI-
504, O: C. sporogenes, A: C. kaneboi, /\:

C. acetobutylicum.

3. HM2 Jp—REBREOEHE pH

HM2 7y - UREBROBERMREE L SF I
7Y A victd BRERCRZT pH o B28%E,
BRI LR TRl L T 3 0RAeRYI» 5
B L7 Fig.SicRd &Sk, ABROMIEE T
ZURBEHOCZE pH 1 5.0k2by, RFFFS YA
vickdd 2Z#E pH 12 4.0 gdbot. Thid, AE
ROMBBEERTF ¥ ) h victd 2BRIEEOE
& pH BEHICEDREOEERED2CLLEERLT
3.

wic, BREEOHR TS TR T 2 S RERDZ
ERULECH, MWD DMBEERY & LTI,
EaRTTE BT L BEhiank. BTEO%
BEiz pH 4.0 TEATHD, T3/ Eoz#E pH
50 TRATH O M5, *FFFSY A ERAD
TIBADOABERM E LT, BHBTED LB
sh, BT I BBz hiabok. Bk
oMtz pH 4.0 Thote. ToXkdiK, KEERE,
WL RECT 2 hRIF ¥ ) v EBERT S
»E2T, TLRERO pH OBV icX2T, A

pH

Fig. 5. Releases of reducing groups and amino
groups of cell wall or peptidoglycan by action

of phage HM 2-induced lytic enzyme at various

pH. Two mg of the cell wall or the peptido-

glycan were suspended in 0.5 ml of 0.05 M
acetate buffer or 0. 067 M phosphate buffer of

various pH indicated in figure and then added

4,5 units of lytic enzyme. After incubations
were carried out at 30°C for 2 hr, an aliquot
of the mixture was assayed. Left: cell wall,
rigth: peptidoglycan, (: turbidity, A: reduc-
ing groups, @: amino groups.

0Dyg0

Fraction number (2 ml/tube)

Fig. 6. Electrophoresis of phage HM 2-induced
lytic enzyme on isoelectric focusing. The
enzyme solution was applied on a 110 ml-LKB
column, and electrophoresis was carried out
with potential gradient of 400to 900 V for 48
hr, maintaining column temperature at 4°C by
circulating chill water. Lytic enzyme activities
were assayed as described in Materials and
Methods. A : reducing groups (lytic activity I),
@: amino groups (lytic activity II), O: ODyy,,
—: pH.

BRAMRE T

Released substances (umoles/m1)

o iR, HM2 7 » — Y DAEEERICI,
ZHEOBHEBRER, TubBEF pHLO T, =7
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FEIY v EAEENSBLEOA B IET,
CNOEBRBTIBRERSE, EFpHSO0T, =7
FRIY A vicRERE S EREOSIMERALTT
JEEEHRSEIREMREOETZCLERLTO
5. ®OT, PRoERTIE, MBLERMERI, &
HEBREALEHILL, BREBIRRTFFIY
B vin b EMBRTESY, BRIEMD MR O
T/ EEERTAC EICEDT, MBERERELH
BE Lk 4B, Fig.6 icRT LI, MREAIL &
BEEHELE, Tr+454 YSBABICEOTERZER
FhaeNMdsz L3TERE,DOk.

4. 2if&MAF L EDTA OBRERICRIZT
E-2

BEEHCRIITRED 2{i4BE L EDTA of
BAk Ui Tablel RT k5, BRIERAL, I &
bic, AL 2M&Ea 4+ & EDTA ic k5 {2
PHRIFHOIY, BR2ESES 4 vick>THEF
EhafEZR L. MEIRRERLXDBRER
I oFH8w L2, BRMEMT 3 107M Ca?*, Cd?,
Nizt TENEN I5~25 #ESH, 107M Cu** T
ELcEEsh. BRERATR 10°M o Cd* T
20 %, 107*M Cu* T 86 HPHEX N/,

Table 1. Effect of bivalent cations and

EDTA on lytic enzyme activity. Each assay

mixture contained 8.5 units of lytic enzym
activity. .

Lytic activity (%)

Salt addition Molarity Enz. 1 Enz. 2
none — 100 100
MgSO, 10~ 104 100
MnSO, 10-8 97 105
CaCl, 10-3 76 100
CoCl; 103 95 95
cacl; 103 75 80
CuSO, 10+ 0 14
NisO 10~ 85 95
EDTA 10~ 100 100

5. HM2 77 -UHEBROBRTEY

rREBRRORLERICOVWTRLEC A, Fig. 7
ICRT X5, BREAT R 50°C, S HMosnET
90 HBKREL, 55°C, SHHOMBTRRICEKFLK.
BRfEMILE 50°C, SAMoRMETERITKREL
1o, MEERERAMOBRKRE ICIZIZLALEZRIEITD
Lhishoteds, BRIER I b BISEMS
briEgEiohi. Br@EL T3 HMT7 77—
Y (Hongo et al,, 1974) £ HM3 7 r—v (HE S,
1975) oXHRER I, S0°C, 5SaMo#uET, ¢h
FhT5% & 100 BRFELTNS. KBRS, hd

100 g—//—
80 |-

60 F

40 -

Residual activity (%)

20 I~

O‘L_10L_=l —_—
0 30 40 50
Temperarure (°C)

Fig. 7. Stability of phage HM 2-induced
lytic enzyme at various temperatures.
The enzyme solutions were heated for 5
min at various temperatures indicated in
figure, and immediately cooled at 2°C.
Residual lytic enzyme activities were assay-
ed as described in Materials and Methods.
Initial lytic enzyme activity: 12 units. O:
enzyme activity I, @: enzyme activity II.

OBER LEKIC, HBNBICRRELRRETHZ &8
Zohi:.

6. HM2 D7 - REBECERROREIT
BRERI BRERTOMERLRFF I Y H
04
20

40

60

Decline in ODgg, (%)

80

L
Released substances (umoles/ml)

1 4
0 2 4

100

Time (hr})

Fig. 8. Releases of reducing groups and
amino groups of cell wall or peptidoglycan
by action of phage HM 2-induced Iytic
enzyme. Two mg of the cell wall or
peptidoglycan was suspended in 0.5 ml of
0. 05M acetate buffer (pH 5. 0) containing 4. 5
units of lytic enzyme, but, in the case of
the peptidoglycan, pH 4.0 of buffer was
used. Incubations were carried out at 30°C.
An aliquot of the mixtures was withdrawn
at various times indicated in figure and
assayed. Left: cell wall (at pH 5.0), right:
peptidoglycan (at pH 4.0), O: turbidity,
A : reducing groups, @: amino groups.
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VICKT AR ORKEBER LIt 5, Fig.8ic
TRT &SI, BEEHT IHEEERTF ¥y HY
POBTEAWL, BREATIERE,»SDLT
IJBEEEMESE, RFFFSYVHAULLRTIVE
ZEBSERLOM. NS ORI, BERIER I 81
PFETV B DY K EELM 2N-acetylglu-
cosaminidase Bt {3 N-acetylmuramidase ©& 5
TEERRL, BREAIIMERCETET L2142
BEEgEPCT I/ B (D-T52) ZiEHT 8
RThECEERBRTIEELON. DT, K
iZ, BRERI LTI oEABRZHO LT S0, &
BERYIOLESTETIE D 1.

a. BRER I ORERMOILHET

45 units OEEBERL L 20mg ORFF KT YAV
% 5ml @ 0.05M Feei@Ek (pH 4.0) AL
FRIBRTRIF RS Y H v 2RBL2CHNBEEL K
sk, MEERYE 20 5RO BE Kicd LT,
2°C TSI L, ERAROBITHES T2
ER#En—% ) —z N NRL— & —TEHEL, FEE
B CORRERYOBITRBEE v RLKR
+ ) w s (NaBH) THEEL, KRic, BIMKS#EL
T, BohBRIkSBYET I REBSTSEZH
WTESE, & L7z Table2 icRd & 5 ik, BERIER
[ k&> TR O EARYE NaBH, L4 5 C
ik, »5 3 YEREIWMRICH~TRERBD L.
L LZnayiveT i/ BOBRBELRRDS
nigmote. #27T, ZhoDRERXY, HM2 7>
—CHRHBEOBREEAIRL HEZD) VS F—aPp
HM3 7y - VRBEBRSALERA 2 F 745 N-
acetylmuramidase g T 5 Z LR & hi.

Table 2. Analysis of peptidoglycan digested
with phage HM 2-induced lytic enzyme
(Enz. activity I).

No Reduction with

Compound reduction NaBH,

(zmoles /mg of peptidoglycan)
0. 314 0.203

Muramic acid

Glucosamine 0. 562 0. 575
Glutamic acid 0.550 0. 554
Alanine 1.100 1.120
Diaminopimeric acid 0. 520 0. 520
Ammonia 0. 654 0. 675

b. BEER I OSRERMOILEIT

45 units OEEHEE 20mg oKL Sml
0.05M Er@i@dik (pH 5.0) AR LIRISRT,
MMIEE DA R T 2 T TRIGE &, SBERYE

100
Agpm
61y :

Fig. 9. TLC of NH,-terminal amino acid
of released substance. A: authentic DNP-
amino acid, B: released substance.

Table 3. Analysis of configuration of ala-
nine in digested cell wall on gas chromato-
graphy.

Treatment Molar ratio to L-alanine

L-Ala D-Ala
DNP-treatment 1.00 1.30
None 1.00 1.90

Eita LEBCHEBIL, FEERLK. CONBER
¥ N-Ki7 3 7 Bk DNP (LU, hvEginks
BLUI, 2Ry P 7406 TRIELKEC A, Fig.
YIRT LI, TI=voishliahi. Kkic,
N-R#7 5 = v OXFEFEM, B L 7. Table 3 Ry
&g, N7 7 = v BRESH TR LR DS
BERYRiE D-75=v& L-T3=v ien
W 1.90:1.00 THEAETZDic L, DNP fhick-
T N-Kg7 7 = vygEshicfp@eghbho D-
75=2ve L-75=rvpeartid 1.30:1.00 T
ot Tiabbh, NoKi7 5 = v 2RELHRER
Yho D-75 =8, WRD D-735 = vick~T,
R EBRH L. CORRE, FRERYO NRiE7T
S=vBN D-T5=20THBELEERLTHD.
—3%, Fig.10 & Tabled KR T & 9 ic, RXEXHO
WREEh R D-T5=vE L-75=vH 2:1 ©
EVHTHEELTVAEY, ZO2p D-75=v0
3%, 1ARRFFRISYAYORTF FIPICEET
2 D-75=>Thy (Fig. 10), #ud, 4 3Bk
WBCEETS D-T5=vThr BB Fu A
54 FYESOD o o hicisof (Fig. 10).
7z, TableSitRT LI IR Y Yo H 54 FESRK
BHSRO) v 2802 &b, 241 1 BRBRYEOEE
ZRBLTNS.

DEotsi s, BRERODRRSF PV A vicid
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Authentic alanine Peptidoglycan
L-Ala D-Ala
2 2
2 2
g |- ]
[ =3 IR O D WU my S| =
5 g
!; Cell Wall 'g Polysaccharide
& g
D-Ala
e -~
v a s L LT
0 8 16 24 32 40 48 0 8 16 24 32 40 48
Retention time (min) Retention time (min)

Fig. 10. Analysis of configuration of alanine in cell wall,
peptidoglycan and cell wall polysaccharide of Clostridium
saccharoperbutylacetonicum. )

Table 4. Amino acid and amino sugar analysis of cell wall and peptidoglycan from
Clostridium saccharoperbutylacetonicum.

Cell wall Peptidoglycan***
Component Amount Molar ratio to Amount Molar ratio to
(zmoles /mg) glutamic acid (#moles/mg)  glutamic acid
Glutamic acid* 0. 354 1.00 0. 516 1. 00
Alanine** 0. 968 2.75 1.112 2.08
Diaminopimeric acid 0. 380 1.07 0. 500 0.97
Glucosamine 0. 350 0.99 0. 476 0.92
Muramic acid 0. 200 0.58 0. 350 0. 68

Ammonia 0.700 1.97 0.824 1. 59

* D-glutamic acid.
** L- and D-alanine.
*#k This data has reported in J. Gen, Appl. Microbiol., 21: 65-74 (1975).

Table 5. Phosphorus analysis of cell wall, 3 5
peptidoglycan and cell wall polysaccharide -
of Clostridium saccharoperbutylaceton(cum. HM2 7, — VOREBER, 705ETE0 M
- éample - Phosphorus RPFFSYH DY h vEEEYT 5 N-acetyl-
(ug/mg of sample) muramidase {EFOflic, RFF I YAV HOIRT
Crude cell wall 15.2 I/ BEEHSEY, ERENS0L D-T5=0E
e e ycan X Ml S ¢ ZBRAFEH LTk, MBI ICH S 53
Polysaccharide 16.5 BERTE, COMBRIEROS 5, MREORKT

HERTF ¥ B vEHEET 5 N-acetylmurami-
ALHERLITNCZE XY, HM2 7 7 — PHEBEBED dase M ERR T EEL >N, T D N-acetyl-
BRERILR flaghos 1 I BEDECERET S muramidase £/ QIEEBEOERE, du2) vuE
D-75=vaEl S 2EHTH B LEZ LN BARPROEREELS ED DWW 3 whole cells it



sazxt)vva-HM2 7y - oOBMESE 67

2LEE LTk, Thid, A#EEF LT3 HM
3 7 r—VORERER N-acetylmuramidase, HIE
5, 1975) PRELV7r—V 7R b YODEE
B¢ % (N-acetylmuramidase, Ogata and Hongo,

1979; #7555, M) MWEEER EEE Clostri-
dium BHBEOLREEP LY v OB BEREROE
BT 20sde BuoT0 chdoficd, K
Bo HM7 77 -9 o BFEBEE N-acetylmura-
myl L-alanine amidase) X U»E£E SHDO7
—VHEBE TS whole cells ZBEHETEZ2EN
MoNTWS GEH, 1977). HM2 77 — SWHHER
FEE L, whole cells 2FETEIVIAEREE
LT3 Staphylococcus aureus ® 80 7 » — Y DAY
% (peptidase) 7% % % i B& 754 (Doughty and
Mann, 1967). HM2 7 > —VREBRILEDLS
KEEEREOF OO LEELHRE S LS F
¥y h v E B LTW 5T, thEHRD
LOBDNWTEZEHICNB L EMEVDT, whole
cells ZFBTERVOR, HEFBEETIF Y
7Ry BPEEME I X I BRAERR PULKREER
iKERTI3EELLND.

N1-4 gtko HM3 75 —IREDEL D7 7 —
STREEKPTI ) YEEKICSERY (moi
100~500) L7zig&icid, 77— VRMIKEET 2E
ERROERICEST, BEM ELiCBET 2 ysis
from without pEHBFHOHLE. LhrlL, HM2
Z7r—VDSERR TR CORFHBISRVDI
(Hongo and Ogata, 1969), HM2 7y — Y OIRH
BR IO b EREBEBT 2ERMNLVOIK
bR s L, RERLDEESO,.

mpEE» > D-7 5 = R R 2BRERIE M
B icEET 241 aBBIE» S D-75=0%%
M ABRERICE L ENEL LN, C. saccha-
roperbutylacetonicum @ % 4 A BRREVE IC D Tid,
ZOMRBEOR Y Y v A 54 FEA,S D-T5=
EHBHZEBDO) YERHUIEEL S, XUEOE
FEERRTERN, hhzsaBe0dodh, B
BOWETH 2 i >0 TORERBEESSh T
B, OYEOILEMERPIEEESE i h
BT, D-7 5= kT 5 BR ERAOHM
bHL LD EEZOND.

7 r—VHEOBERRT, RFFV¥SV v ES
B 2BRUAOBDLELTR, MEREORESEL
MR4 2 P. aeruginosa ® 2 7 ¥ — ¥ @ polysaccha-
ride depolymerase (Bartell er al.,, 1968), E. coli

D29 7y — @ capsular polysaccharide depoly-
merase (Yurewicz et al., 1971), B. natto & B.
subtilis ®7 y —Y @ r-polyglutamate depolyme-
rase (Yoshimoto et al., 1973), S. typhimurium o
g8 7 » — Y » O-antigen hydrolase (Kanegasaki
and Wright, 1973) ® Klebsiella aerogenes © 7 » —
Y@ mannosidase 73 ¥ RPEXNTHZ GEH,
1977). 2hoDOBRRRFFF 7Y B VickfERAL
BODOT, BETRERERRT I LIZTEIN.
L L, R7ZF S YHvicle T 3 R8RS 3tE
T, 77— VRBREROBRKRPI/EA L (EAREREL
WL, B7r—VRYRBOBHEBE S H &
b3 LERMENTHE. Ff, THEOBKER7 > —
VEREELTEYD, 7r—VRBEOBIEXED
REBEEWELT, 7 -VBAEARBTIEE
bHLEEDLRTNS. 214380 D-T3=vki
B ¥ 2BROPEEIL2LIZVAN, HM2 77—~V 0
BEEREHI SRMSEREHEC I bDEEL
> 3.

77y —VHROBESERCE, {SRECESES
BOBESEET TN EL 0N, BRIERAE
BT 2MBREMERERRTIHAK, Tr—-Y
BERIIOCBRRIEEE2 503,

i S

HM2 7 > — o3 @it Utz Clostridium saccharo-
perbutylacetonicum (ATCC 13564) OBEERH» D,
ZOEEHO MiEED iz, C. kaneboi, C. sporo-
genes O FEMABE % MAMRT 2 AEBRE, HLOER,
DEAE-zrvo—2% 548702057 4— itk
THERER L. K8, Clostridium B0k
BkP R ) Y IERRERRE S, MEELRS
FE7YV A Y OBEEBTE L0 HOEEERES
BLTo ABRicE, ZF pH4L0T, =757
TV A OBLEOHA LRI TIOENRT S
BEERIEL E8 pHS.0 ¢, HAEALDLT
I/ BRYEMS s BREHISEELL. BR{E
BIBRZFFLYVA YO0 ) H LT 2 N-
acetylmuramidase DfEFITH Dl BERER IR,
DIRERIID N-KE7 /7 B» D-75=vTd3
&, RAFFSYAvicHLTALERALINC &
BE»S, MIAEEET 221 aBkDED D-7
FE=VvEBMIEIERATHI EELONI.
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Summary

A phage endolysin was isolated from phage HM 2-induced lysate of Clostridium
sacc haroperbutylacetonicum (ATCC 13564), by precipitation with ammonium sulfate,
and DEAE-cellulose column chromatography. This endolysin lysed the cell walls
and peptidoglycans of C. saccharoperbutylacetonicum and some other clostridia, but
hardly their living whole cells, formalin-treated whole cells and heat-treated whole
cells. It had two different lytic activities, which were not separated even by use of
electrophoresis on isoelectric focusing. One (activity I) was a N-acetylmurami-
dase, which cleaved g-1, 4 bonds between N-acetylmuramic acid and N-acetylglu-
cosamine of peptidoglycan, and its optimum pH was 4.0. The other (activity II)
digested the cell wall at optimal pH 5.0, but not peptidoglycan. This digestion of
cell wall by the latter was accompanied by the release of NH,-terminal D-alanine,
without concomitant release of NH,-terminal L-alanine and of COOH-terminal
amino acids. Therefore, it was considered that the activity IT might attack on the
bonds of D-alanine in teichoic acid-like substance of cell wall.



